This paper studies how one may overestimate the social cost of a long-run corrective policy by neglecting the possibility of hysteresis, i.e., that the policy in earlier periods may have a persistent impact in the long run. In a price-theoretic framework, we show that one statistic is key to evaluating this bias: the long-term impact of a similar but temporary policy that was known to be temporary. We then provide evidence of the importance of hysteresis, and estimate such a statistic, for a policy-relevant behavior: residential electricity use in a developing country context. We study the 10-year impact of a 9-month long policy in Brazil, which aimed at large temporary reductions in residential electricity use. Through a difference-in-difference strategy, we exploit the fact that customers of some distribution utilities were not subject to the policy. Using utility-level administrative data, we find that the temporary policy led to a long-run and stable reduction in average electricity use of 11%, or about half of the short-run impact. Using individual monthly billing data for one distribution utility, we find that 69% of customers were still consuming less electricity four years after the policy ended. Household-level microdata suggest that the main mechanism of hysteresis is a persistent change in consumption habits. Incorporating our estimates into this framework illustrates that, by neglecting the possibility of hysteresis, one could dramatically overestimate the social cost of long-run corrective policies. (JEL: D62, H23, Q50)
Policymakers may want to induce long-run changes in the behavior of economic agents in the presence of externalities, e.g., reduce energy demand to mitigate environmental damages. However, any corrective policy will create a social cost that depends on the size of the change in behavior and on agents' costs of changing their behavior. The latter is generally captured by the price elasticity of demand (or supply) for the behavior. Therefore, inducing large long-run changes in a behavior that presents a low elasticity may imply a high social cost in every period, and may not be desirable despite sizable externalities. This influential argument rests on the assumption that the level of a behavior depends only on the concurrent economic environment. It leaves out the possibility that the impact of the corrective policy in earlier periods may change the level of a behavior in a way that persists in the long run even in the absence of the policy. This paper studies the importance of such hysteresis for the social cost of long-run corrective policies.
Hysteresis is defined as the failure of an effect to reverse itself as its underlying cause is reversed (Dixit, 1989) . We use the term hysteresis to refer to the possibility that the impact of a temporary policy could persist in the long run or that there may be multiple steady states for a given behavior. We emphasize long-run persistence because observing a delay before a behavior returns to its prior level once a policy is suspended could simply result from a difference between short-and long-run elasticities. The implications are well-known in this case: long-run elasticities should be used to evaluate the social cost of long-run policies. Several theories allow for hysteresis, 1 but there is limited evidence that it is an empirically relevant phenomenon in many contexts of interest.
We proceed in steps. First, we use a price-theoretic framework to illustrate how one could overestimate the social cost of a long-run corrective policy by neglecting the possibility of hysteresis. Quantifying the degree of hysteresis is key to evaluating this bias. We argue that this can be done by estimating the long-term impact of a similar but temporary policy that agents expected to be temporary. The core of the paper then provides evidence of the importance of hysteresis, and estimates such a statistic, in a policy-relevant behavior: residential electricity use in a developing country context. We estimate the 10-year impact of a 9-month long electricity saving program that was imposed on millions of Brazilian households in 2001 and that led to dramatic short-run reductions in residential electricity use. Exploiting administrative data and differences in the implementation of the policy across regions, we find that about half of the short-run impact persisted in the long run. Household level microdata suggest that the main mechanism of hysteresis was a change in electricity utilization habits. Finally, we incorporate our estimates into this conceptual framework to illustrate implications for the social cost of corrective policies.
We begin by using a simple partial-equilibrium framework to show why hysteresis matters for the social cost of corrective policies. The intuition is straightforward. Consider a policymaker that imposes a permanent change in behavior, e.g., a 20% reduction in residential electricity use. In the absence of hysteresis, one would assume that the policy distorts behavior by 20% in all periods. Yet, with hysteresis, part of the reduction in later periods would be caused by the policy in earlier periods and should not be double-counted as caused by the concurrent policy. An estimate of the long-term impact of a similar but temporary policy that agents expected to be temporary quantifies the degree of hysteresis and thus the residual distortion that the permanent policy would cause in later periods. Studying the long-term impact rules out any persistence resulting from a difference between short-and long-run price elasticities. Studying a policy that was known to be temporary rules out any persistence that would not be due to the temporary policy, but to past responses in anticipation of a continuation of the policy. Integrating the demand (or supply) curve over the estimated residual distortion vs. the 20% reduction evaluates how one would overestimate the social cost of the policy in later periods by neglecting the possibility of hysteresis.
We then study the long-term impact on residential electricity use of the temporary electricity saving program that was implemented during the 2001 Brazilian electricity crisis. Our empirical setting is ideal to provide evidence of hysteresis because the policy was known to be temporary and because we can study impacts up to ten years after the policy ended. The Brazilian program also led to the largest short-run reductions in household electricity use among temporary electricity saving programs around the world (Meier, 2005) . This may be important because several theories suggest that hysteresis is more likely to be relevant for large changes in behavior. 2 Our empirical setting is also relevant in itself. First, energy use is expected to continue to be a major source of greenhouse gas emissions in the future. Potential energy savings from residential electricity use have attracted a lot of attention. 3 Yet, existing estimates of price elasticities are typically low. Thus, inducing large long-run changes in residential electricity use is an example where the social cost may be considered too large despite sizable externalities. Second, most of the growth in energy use is forecast to come from the developing world. In particular, greenhouse gas emissions from residential electricity use are growing rapidly (IPCC, 2014 ). Yet, the energy saving potential of households in developing countries, who are poorer, own fewer appliances, are more credit-constrained, and consume less energy to begin with, is largely unknown.
In the beginning of 2001, electricity generation capacity was severely reduced in some regions 2 For instance, learning effects are more likely for policies that force agents to depart further from their usual levels of behavior. There may also be important fixed costs. In a rational habit formation model, hysteresis relies on pushing agents far enough from their prior steady state (Becker and Murphy, 1988) . Other temporary electricity saving programs led to smaller reductions in average electricity use at a given point in time and/or were shorter-lived.
3 Improving the energy efficiency of residential electricity use is often viewed as a cost-effective policy to abate greenhouse gas emissions (McKinsey, 2009) . Utilities have to meet specific energy saving targets through customer electricity saving programs in at least 24 states in the US. Scenarios to mitigate the impacts of climate change typically involve large reductions in electricity use by buildings (IPCC, 2014). of Brazil. A temporary shock to the streamflow level in the rivers that serve the hydroelectric power plants in these regions led to historically low water levels in their reservoirs (see Figure  1a ). Brazil relies heavily on hydroelectric generation and low transmission capacity constrained transfers of electricity across regions. In order to prevent generalized blackouts, the government implemented a temporary electricity saving program from June 2001 to February 2002 in affected areas, which aimed at reducing residential electricity use by 20%. Residential customers were assigned individual quotas and were subject to a series of incentives to consume below their quota. 4 We estimate the short-and long-term impacts through a difference-in-difference approach, comparing distribution utilities subject to the policy to those that were exempt. We use data on average residential electricity use per customer from monthly administrative reports for every distribution utility between 1991 and 2011. We confirm that the policy had a large short-run impact (−23%). Our main contribution is to show that half of that impact persisted in the long run (−11%). 5 Consumption levels partially rebounded after the policy ended but point estimates are stable from 2005 onward; this can be seen in the raw data in Figure 1b . It is thus unlikely that our estimates are due to a difference between short-and long-run elasticities rather than to hysteresis.
We present many empirical tests supporting our results. Our estimates are robust to controlling for a series of confounders such as changes in electricity tariffs, demographics (Levinson, 2014) , income levels, or climate. Moreover, utility-specific impacts estimated by synthetic control methods find negative long-term impacts for every distribution utility subject to the policy. We also rely on longitudinal monthly billing data from 2000 to 2005 for three million customers of one affected utility. We show that changes in average electricity use are similar in the aggregate data and in a random sample of individual customers observed every month in the billing data. By construction, this balanced panel is free of composition effects. Almost all of these customers consumed less electricity during the crisis than they did a year before (92%) and most of them continued to consume less electricity four years after the crisis (69%). The median customer reduced electricity use by 31% and 16.5% during the crisis and four years after, respectively. These figures are larger for customers with higher baseline consumption and there is a strong correlation at the customer level between short-run (during the crisis) and long-run (four years later) changes in consumption. Average effects thus came from large and persistent responses by most customers. Finally, household 4 Incentives cannot be translated into a given increase in tariffs because they included nonlinear pecuniary incentives (fines or bonuses for consuming above or below the quota) and non-pecuniary incentives (threats of disconnection for consuming above the quota and moral suasion from conservation appeal campaigns). We study the overall impact of the policy because we cannot separately estimate the impacts of its components.
5 There is little work on the long-run impact on residential electricity use of the 2001 Brazilian electricity crisis and the associated electricity saving program. Bardelin (2004) surveys of appliance ownership and utilization habits conducted both before the crisis and several years later suggest that the main mechanism of hysteresis was the formation of new habits.
We recognize that there may be concern about the external validity of our evidence. This is an issue in any empirical setting (Allcott, forthcoming) , which may be seen as more severe in our case given the uniquely large short-term changes in behaviors. However, the uniqueness of our setting does not come from a lack of interest from policy and academic circles in policies aimed at large changes in behaviors. It comes from the fact that such policies are rarely implemented. It is therefore particularly interesting to exploit an opportunity to learn from such a policy. This is particularly true if the reason that these policies are considered politically infeasible is because their social cost is assumed to be too large. Furthermore, the fact that we find persistent effects for all affected utilities, which differ in the characteristics of their local demand, and across the distribution of the millions of customers of one utility, brings some external validity to our evidence.
This paper contributes to a large literature on the economics of corrective policies, dating back at least to Pigou (1920) . The existing literature typically fails to consider the role of hysteresis for policies that aim at changing behaviors in the long run. 6 In so doing, we show that one could largely overestimate the social cost of long-run corrective policies and we identify estimable "sufficient statistics" to evaluate this bias. 7 Moreover, our analysis of the Brazilian program indicates that taking hysteresis into account can be quantitatively important in a policy-relevant context. A back-of-the-envelope calculation implies that, neglecting the possibility of hysteresis, one could overestimate the social cost of a 10-year long version of a similar policy by 182%. This paper also contributes to the growing empirical literature that investigates the presence and mechanisms of persistence in various behaviors of interest. Several papers study the persistence of some impacts after a policy was suspended. 8 It is sometimes unclear whether their estimates actually capture hysteresis. Agents may have expected the policy to continue with some probability and the persistence is often observed for a relatively short period of time. 9 Moreover, to the extent that some do capture hysteresis, one could use our framework to evaluate the overestimation bias from neglecting hysteresis in calculating the social cost of long-run corrective policies in their 6 In recent theoretical work, Acemoglu et al. (2012) argue that temporary policies promoting greener technologies may have persistent effects on the supply side through directed technical change and Hintermann and Lange (2013) investigate the dynamic optimal regulation of experience goods generating environmental externalities. 7 The same argument would apply to any corrective policy that aims at changing two complementary behaviors; hysteresis essentially implies that behaviors in different periods are complementary. We are not aware of existing work applying this idea to intertemporal behaviors. 8 E.g. Charness and Gneezy (2009), Giné, Karlan and Zinman (2010) , Ferraro and Price (2013) , Bryan, Chowdhury and Mobarak (2014) , Dupas (2014), Fujiwara, Meng and Vogl (2014) , Acland and Levy (2015), Miller (2014) , Allcott and Rogers (2014) and Ito, Ida and Tanaka (2015) . 9 For instance, Allcott and Rogers (2014) find a persistent change in electricity use after some incentives were suspended and estimate that it would take about five years for the effect to disappear in their context. They had access to only two years of post-intervention data, however. We would have reached a similar conclusion with a similar data limitation. Instead, we can show that average electricity use does not return to counterfactual levels in our context. context. Existing studies do not consider this implication of their results.
Finally, this paper contributes to a small but growing empirical literature that studies issues related to energy consumption in developing countries. 10 We show that a temporary shock that forced Brazilian households to conserve electricity impacted consumption levels in the long run. Moreover, this hysteresis seems to arise mostly from the formation of new habits rather than from physical investments. 11 Our results thus open up an exciting research agenda: how could policymakers foster energy-efficient habits at an earlier stage of development to limit the rapidly growing energy demand in the developing world.
The rest of the paper proceeds as follows. Section 1 presents our conceptual framework. Section 2 introduces our empirical setting and Section 3 our empirical strategy. Section 4 presents our main results and the many robustness checks supporting them. Section 5 investigates the mechanisms of hysteresis. Section 6 uses our estimates to illustrate the importance of taking hysteresis into account when estimating the social cost of long-run corrective policies. Section 7 concludes.
Conceptual framework
In this section, we provide a theoretical framework to illustrate how one may overestimate the social cost of long-run corrective policies by neglecting the possibility of hysteresis in the behavior of interest. 12 We present here the simplest version of the model. We discuss some extensions, but leave the related derivations to the Web Appendix.
Hysteresis could emerge in several models, which would predict the same observable outcome. It could emerge in models with asymmetric adjustment costs if agents pay some costs that cannot be recovered (Dixit, 1989) . For example, a corrective policy may cause agents to learn about the costs and benefits of adopting new behaviors (Bryan, Chowdhury and Mobarak, 2014; Dupas, 2014) or to learn new ways to derive more utility from a given level of behavior. Hysteresis could also occur in a rational habit formation model à la Becker and Murphy (1988) if there are multiple steady states and a policy pushes agents far enough from their prior steady state. We do not take a stand on the underlying model at play. We simply assume that policies that affect past levels of a behavior may affect agents' utility from different levels of the behavior in the long run. 13 We then illustrate the importance of hysteresis assuming that price theory can be used to evaluate the social cost of corrective policies. Alternatively, hysteresis could emerge from "behavioral" theories, such as models with biased beliefs or myopia about the returns to changing one's behavior (e.g., Gruber and Köszegi, 2001; Acland and Levy, 2015) . We return to this point later in this section.
Setup
We adopt a series of assumptions to focus on the role of hysteresis. We consider a representativehousehold two-period model of electricity use. 14 The periods are assumed to be long enough that the level of electricity use in the two periods would be independent in the absence of hysteresis, i.e., there is no difference between short-and long-run elasticities. We adopt a partial-equilibrium setup, we assume away income effects and redistributive concerns, and we model the household as fully rational and forward looking. We also assume that goods are produced competitively at constant marginal costs. These assumptions allow us to illustrate the role of hysteresis for the social cost of long-run corrective policies using simple consumer surplus concepts.
The household chooses electricity consumption x i at price p i and ordinary consumption c i at normalized price 1, given income y i in periods i = 1, 2. The per-period utility is represented by
, where s i is the household's propensity to consume electricity. This is a reduced-form variable that is aimed at capturing possible mechanisms of hysteresis. Changes in electricity use may affect the future propensity to consume because the household develops persistent new consumption habits, learns about ways to consume electricity more efficiently, develops a taste for appliances with different characteristics, etc. 15 We assume that v i (x i , s i ) is strictly increasing and concave in x i and that
For instance, the household derives less utility from a consumption bundle (c i , x i ) if her habits, or lack of knowledge about energy-efficient behaviors, require more electricity to provide 13 Our approach to evaluating the deadweight loss of a corrective policy applies to a wide range of models because it relies on price theory. However, depending on the specific model at play, alternative policies may achieve an equal change in behavior at a lower social cost. This would be the case, for instance, if agents change their behavior persistently by simply receiving some information (without having to experiment with costly changes in their behavior in the first place) that could be provided at low cost. This is unlikely to be the case in our empirical application.
14 The model can be easily adapted to apply to other behaviors of interest or extended to a multi-period setup. 15 We allow for direct (costly) investments in one's propensity to consume electricity in an extension of our model (in the Web Appendix). Our approach thus applies to investments in physical capital. However, it is unclear whether investments in physical capital such as energy-efficient appliances would lead directly to hysteresis. A corrective policy may simply push agents to anticipate future investments in new appliances and physical capital decays. Of course, hysteresis may arise if agents' preferences or information sets change when they buy energy-efficient appliances, such that they continue to acquire more efficient appliances subsequently. the same level of services. The propensity to consume in the first period is given, but, in the second period, it is allowed to depend on the level of electricity use in the first period:
≥ 0. Finally, we assume that
> 0 for all x i , s i ≥ 0: the higher the propensity to consume (e.g., to use electrical appliances), the higher the marginal utility of consumption (e.g., the greater the disutility from not having access to their services). This complementarity introduces some path dependency to the utility derived from electricity use and allows for hysteresis in electricity use. Specifically, the household solves:
where V is the household "lifetime" utility and β accounts for discounting or differences in the relative length of the two periods. Substituting in for c i , we obtain the first-order conditions:
The left-and right-hand sides of each first-order condition capture the benefit and the cost of marginal changes in electricity use, respectively. These must be equal at an optimum. As expected, the household will use less electricity in the first period if the propensity to consume electricity in the second period depends on past choices and the household is aware of this relationship.
The social cost of a long-run corrective policy
Without government intervention, the first-order conditions and baseline electricity prices in the two periods, p 10 and p 20 , will determine baseline electricity use, x 10 and x 20 . Now, suppose that the government wants the household to reduce electricity use to x 1 < x 10 and x 2 < x 20 . We are interested in the social cost or deadweight loss of such a corrective policy. In our framework, this is the change in the household's lifetime utility: DW L = V (x 1 , x 2 ) −V (x 10 , x 20 ). We can recover it by tracing the change in utility along any path from (x 10 , x 20 ) to (x 1 , x 2 ). In our setting, it is natural to sequentially change x 1 to x 1 and then x 2 to x 2 , holding constant x 1 . In the presence of hysteresis, we have to take into account the fact that the optimal level of x 2 at price p 20 will change in the first step, as can be seen from the first-order condition for x 2 . We have:
where
= p 20 . Equation (2) shows that three empirical objects are sufficient to evaluate the deadweight loss of the policy (besides the parameter β ). The first one is the inverse demand curve in period 1, p 1 (x 1 ), which will factor in any effect on utility and behavior in period 2 from changes in x 1 . It can be identified using exogenous price increases in period 1. The second one, p 2 (x 2 |x 1 ), is the inverse demand curve in period 2 for a given value of x 1 , and thus a given propensity to consume in period 2. It can be identified using exogenous price increases once in period 2, following a temporary policy that changes x 1 to x 1 . The third one, x 2 (x 1 ), is the degree of hysteresis, the change in x 2 caused by the change in x 1 . It could be identified from the impact on electricity use in period 2 of a similar temporary policy. Equation (2) is a familiar expression for the social cost of a behavioral change. It corresponds to the sum of the area under the properly defined inverse demand curve and above the baseline price level in each period. In the second period, the integral is only taken over the residual change in quantity because any change in utility from changing x 2 to x 2 (x 1 ) is already accounted for in the first integral. The same argument would apply to any two behaviors that are complementary: hysteresis essentially implies that behaviors at different points in time are complements. 16 Assuming away hysteresis (
= 0), the expression for the deadweight loss would be:
16 Suppose, for instance, that one smokes only when drinking. A policy that reduces drinking would thus reduce smoking. The demand curve for drinking captures the associated utility from smoking and so this demand curve is sufficient to measure any change in utility from the associated change in smoking. Now suppose that a policy also reduces smoking below the initial level. The reduction in smoking that took place because of the reduction in drinking should not be double-counted. Similarly, if their complementarity were neglected, one would underestimate the change in the levels of both behaviors following an increase in the price/cost of both behaviors (e.g., corrective taxes).
where NoH stands for "no hysteresis". There are two sources of bias when assuming away hysteresis. First, one may use the wrong shapes for the demand curves by assuming that demand curves are independent in each period. It is unclear in which direction the bias would go. Assuming away hysteresis, one would identify the inverse demand curve p 1,NoH (x 1 ), using the same variation that identifies the inverse demand curve p 1 (x 1 ). Moreover, it is unclear whether the price elasticity would increase or decrease in the second period, following a temporary corrective policy that leads to a persistent impact. 17 Second, one would neglect the fact that the optimal level of x 2 will change with the level of x 1 . This will bias the deadweight loss upward (in absolute values) as it implies taking the integral in the second period over a larger interval. In this paper, we focus on the second source of bias. This is because there is limited evidence to begin with that hysteresis is an empirically relevant phenomenon in many contexts of interest. 18 Figure 2 provides a graphical illustration assuming linear demand curves and no bias from having the wrong slopes for the demand curves. Reducing quantity in period 1 to x 1 increases the household's marginal (lifetime) utility for x 1 , which can be traced along the inverse demand curve p 1 (x 1 ). In the presence of hysteresis, this would reduce x 2 endogenously to x 2 (x 1 ). The demand curve p 1 (x 1 ) would factor in any change in utility from such endogenous changes in x 2 . The loss in utility from reducing quantity to x 1 is then the triangle A 1 B 1 C 1 . Further reducing x 2 to x 2 (for a given x 1 ) then increases the household's marginal utility for x 2 , which can be traced along the inverse demand curve p 2 (x 2 |x 1 ). The associated loss in utility is the triangle A 2 D 2 E 2 . Neglecting the possibility of hysteresis, one would overestimate the deadweight loss in the second period. Tracing the change in marginal utility along the whole interval from x 20 to x 2 , one would obtain a loss in utility corresponding to the larger triangle A 2 B 2 C 2 . The bias is the area D 2 B 2 C 2 E 2 . Formally, assuming linear demand curves and an equal elasticity in the two periods, the bias is:
In levels:
In percents:
is a given long-run change in electricity use (policy goal) and η is the 17 The elasticity may increase if households start to pay more attention to their electricity use (Jessoe and Rapson, 2014) . In this case, assuming away hysteresis would further overestimate the deadweight loss (in absolute values). 18 An extensive literature focuses on estimating price elasticities for residential electricity use. Long-run price elasticities are always difficult to estimate. In the Web Appendix, we estimate a medium-run price elasticity for the years following the Brazilian temporary policy. We use it when evaluating equation (4) below. Unfortunately, it is not possible to estimate a comparable elasticity for the years leading to (or for the months of) the temporary policy. We are thus unable to document any change in the price elasticity. price elasticity. Evaluating the bias critically relies on estimating the impact in period 2 of a similar policy implemented only in period 1: x 2 (x 1 ) − x 20 . We estimate such a statistic in the remainder of the paper. We then illustrate the importance of hysteresis for the social cost of long-run corrective policies by evaluating equations (4) and (5) for given values of the other parameters. 19
Extensions
We discuss here several modeling extensions (see Web Appendix for further details). First, we consider an extension of the model where the household can make direct (costly) investments to reduce its concurrent propensity to use electricity. We show that the same three empirical objects as in equation (2) measure an upper bound for the deadweight loss and thus a lower bound for the bias (in absolute values). The inverse demand curve p 1 (x 1 ) will still capture the utility loss of changing x 1 to x 1 , taking into account such endogenous investments. Similarly, the inverse demand curve p 2 (x 2 |x 1 ) will capture the utility loss of changing x 2 for the level of the propensity to consume resulting from changes in electricity use and investments in period 1. However, if the household had anticipated the policy in period 2, it might have made different investment choices in period 1, thus reducing its overall utility loss. 20 A similar argument would apply if we were to extend the model to allow for other endogenous behaviors such as saving and borrowing.
Second, we can allow for heterogeneity in households' preferences and in the degree of hysteresis. In this case, the social cost of a policy that aims at aggregate changes in behavior can be evaluated using aggregate inverse demand curves and the aggregate degree of hysteresis in equation (2), as long as the corrective policy is implemented efficiently (e.g., using tradable quotas or Pigouvian taxes). 21 In so doing, one would measure again an upper bound for the deadweight loss and a lower bound for the bias (in absolute values). We recognize that the temporary policy that we study may not have allocated the aggregate change in behavior efficiently across agents. However, we are not directly interested in the social cost of a long-run version of the exact same policy. We then abstract from allocative inefficiencies when incorporating our estimates in our framework to illustrate the importance of taking hysteresis into account for the social cost of corrective policies.
Finally, households could be "naive" about the effect of their current choices on their future propensity to consume. In this case, a corrective policy would also address an "internality" problem by reducing consumption levels, which were suboptimally high from a private perspective. This would be another reason why neglecting the possibility of hysteresis overestimates the social cost of the policy. Agents could also have biased beliefs about the effect of their current choices on their future propensity to consume. As long as agents underestimate such an effect, this also would be a way in which neglecting the possibility of hysteresis overestimates the social cost of the policy. The opposite would be true if agents overestimate the effect. We provide some suggestive evidence that, if anything, agents underestimated this effect in our empirical application.
Connecting the theory to the data
A few comments must be made before moving to the empirical exercise.
First, the empirical analog of the key statistic x 2 (x 1 ) − x 20 is the long-term impact of a temporary corrective policy. This is important because short-and long-run elasticities are likely to differ. As a result, some persistence of an impact in the aftermath of a corrective policy may result from the slow convergence toward a prior steady state rather than from hysteresis. It is clear that the deadweight loss of a policy that aims at changing behaviors in the long run should be based on long-run elasticities, even in the absence of hysteresis. How long is "long enough" for the persistence to capture hysteresis will depend on the behavior under consideration and on whether the estimated persistence remains stable, rather than decaying over time.
Second, it is important to estimate the long-term impact of a policy that agents expected to be temporary. Otherwise, part of the persistence of a temporary policy may result from past (sunk) responses in anticipation of a possible continuation of the policy. This would not be a problem in the simple model presented above because the only way to anticipate a possible continuation of the policy is to change electricity use in period 1. However, it would be a problem in a model with, e.g., direct investments in the propensity to consume. In this case, past investments in anticipation of a possible continuation of the policy will affect future electricity use directly, not only through their effect on electricity use during the temporary policy. As a result, one would overestimate the effect on future behaviors of inducing changes in behaviors during the temporary policy.
Finally, several theories suggest that hysteresis is more likely for larger changes in behaviors. 22 Brief constraints may also be too short for agents to form new habits or to learn new ways to behave efficiently. Therefore, the ideal experiment to provide evidence of hysteresis and discuss implications for the social cost of long-run corrective policies would randomize a policy that aims at large changes in behavior, for a temporary period that is not too short and that agents know to be temporary, and whose impact can be estimated over a long period of time afterward.
Background and data
In the remainder of this paper, we assess the degree of hysteresis in a behavior of interest by exploiting a natural experiment that shares many features of the ideal experiment described above. We study the 10-year impact of a 9-month long policy in Brazil that was known to be temporary, and that led to the largest short-run reductions in household electricity use among temporary electricity saving programs around the world (Meier, 2005) . In a natural experiment, identification requires additional assumptions, but it would be challenging for a controlled experiment to share all these features. One limitation of the policy that we study is that it did not rely on a single efficient and easily-replicable instrument to achieve its short-run reductions in electricity use. It included individually-assigned quotas and a set of (nonlinear) pecuniary and non-pecuniary incentives for households to consume below their quotas, which changed over time and may have affected households differently. We have little to say about the design of the specific policy in our empirical setting or its optimality. Our interest is that the policy allows us to provide clear evidence of hysteresis in a policy-relevant context. We then use our estimates to illustrate the possible implications of neglecting hysteresis for the social cost of long-run corrective policies. 23
The temporary electricity saving program of the 2001 crisis
The temporary electricity saving program that we study was implemented in response to an exceptional shortage in electricity supply in specific areas of Brazil in 2001. Starting with a brief overview of the electricity distribution system, we provide here the necessary information about the 2001 crisis and its electricity saving program. More information is available in the Web Appendix.
Electricity distribution in Brazil
The major national electricity system in Brazil is divided into four subsystems: North (6.5% of total load in 2000), Northeast (14.5%), Southeast/Midwest (62%), and South (17%). Almost all households had access to the electricity grid in the South and the Southeast/Midwest in 2000. In contrast, the electricity grid was not fully developed in the two other subsystems at the time, but it developed rapidly in following years, thanks to strong support from the federal government (e.g., the program "Luz Para Todos"). The Brazilian electricity system relies almost exclusively on hydrological resources. In 2000, hydropower was responsible for 81% of the production capacity and 94% of the electricity generated in the country (ONS, 2011) . More than 60 local monopolies (distribution utilities) distribute electricity to end-consumers and housing units are typically metered and billed separately every month. Finally, electricity theft -i.e. illegal connections to the gridis a serious concern in Brazil, amounting to 15% of the total load for some distribution utilities.
Electricity prices are regulated by a federal agency (Agência Nacional de Energia Elétrica, ANEEL). The main residential tariff is a flat unit price per kilowatt hour (kWh). An alternative tariff for low-income and small consumers offers percentage discounts on the main tariff depending on the quantity consumed. Price changes typically modify the main tariff and therefore imply a proportional change in every marginal price. The regulatory framework is a price-cap mechanism. Every four or five years, prices are revised to guarantee the economic viability of distribution utilities. However, demand risk falls entirely on the utilities between revision years. Yearly price adjustments only factor in changes in non-manageable costs, e.g. energy costs (ANEEL, 2005) . 24
History of the 2001 electricity crisis
The 2001 electricity crisis was due to supply factors. In particular, it was due to exceptionally low streamflow in the rivers that serve hydropower plants in specific areas of the country, combined with infrastructure constraints on generation and transmission capacity. Figure 1a displays the evolution of hydro-reservoirs' water levels in the Southeast/Midwest and in the South. We focus on the two largest subsystems in our analysis because of their similar development stage at the time (see next section). Water levels follow a seasonal pattern in the Southeast/Midwest, with heavy rain upstream of the reservoirs replenishing them during the austral summer. Levels were low in the two subsystems by 2000. In the Southeast/Midwest, they reached their lowest point in 40 years (for the season) in March 2001 because of exceptionally low summer rainfall. 25 In contrast, generous rain dissipated any risk of shortages in the South. The South could not transfer its excess supply to the other subsystems because of the limited transmission capacity across subsystems. Moreover, while growth in demand had never outpaced growth in projected demand in the years prior to 2001 (see Web Appendix), it outpaced growth in generation capacity. This was a nationwide issue and experts later concluded that the South would have faced a similar crisis if its hydropower plants had experienced a similar situation as in the Southeast/Midwest (Kelman, 2001) .
By late April, it became clear that electricity use had to decrease to avoid generalized blackouts. The government announced that an incentive-based electricity saving program would start in June, 24 The price-cap mechanism encourages distribution utilities to address electricity theft. Price revisions and adjustments occur at different times for different utilities. In June 2001, the main tariff was US$.23/kWh in Rio de Janeiro. Marginal prices in the alternative tariff were US$.08 (up to 30 kWh), US$.14 (up to 100 kWh), US$.20 (up to 140 kWh), and US$.23 (above 140 kWh). Monetary values are in US$ of 2012 throughout the paper (R$1.82=US$1). Minimum consumption levels are also charged, and local taxes increase what customers eventually pay. 25 The Northeast and the North were facing a similar situation (not shown).
although details remained unclear (O Globo, April 23, 2001) . 26 Distribution utilities supported instead the use of rolling blackouts because "financial penalties were unlikely to succeed, in part due to the lack of demand elasticity" and the expected length of the crisis (Veja, May 3, 2001; Maurer, Pereira and Rosenblatt, 2005 (2011) provide evidence that the crisis, the electricity saving program, and its differential implementation across subsystems were unanticipated, even by industrial customers. 27 As expected, the crisis officially ended in February 2002, but according to a specialized periodical, "people were giving signals that they learned how to avoid wasting electricity" (Energia Elétrica, March 15, 2002).
Incentives of the electricity saving program
The electricity saving program included individually-assigned quotas and a set of incentives for residential customers to consume below their quota. Rules were frequently repeated in the media and on electricity bills, but they were relatively complicated, nonlinear, and changed more than once. 28 Therefore, it is unclear exactly to which incentives individual households were responding. However, we are not interested in the specificities of these measures. Our interest is that households reduced electricity use dramatically in response to the policy, which was known to be temporary. Every customer was assigned a quota at the start of the crisis. The typical quota was equal to 80% of a baseline corresponding to their average consumption from May to July 2000. Quotas for small consumers were set at 100% of baseline or 100 kWh, whichever was smaller. 29 The incentive scheme included sticks and carrots. Customers exceeding their quota were charged a fine per kWh consumed above 200 kWh. Fines thus targeted larger consumers. The 26 This was despite a first set of national policies in early April. Among these measures were the giveaway of efficient lightbulbs in low-income neighborhoods, a 15% reduction in electricity consumption in federal public buildings, the import of energy from Argentina, and the construction of new thermoelectric facilities (Veja, April 5, 2001) . 27 For instance, President Cardoso's approval rates dropped differentially in areas subject to the electricity saving program after its announcement. Figure 1b also shows that households in the different subsystems did not seem to have anticipated the electricity saving program by changing electricity use in different amounts prior to June 2001. 28 Firms and the public sector also faced incentives in this period. Mation and Ferraz (2011) look at impacts on firms. We do not consider firms because the nature of their response to temporary corrective incentives may be very different and because changes in the industrial composition of the economy complicates the study of long-term effects. The fact that firms were subject to some incentives is an issue for our purpose only to the extent that it indirectly affected households' electricity use. However, we control for employment or income effects in our empirical analysis. 29 Quotas were revised upward in December 2001 and January 2002 because the situation was improving. Consumption levels are also typically higher in the austral summer. Customers were informed of their quotas by mail prior to their first affected billing cycle. We reproduce such a letter in the Web Appendix. We also display the exact mapping between quotas and baseline consumption levels.
fine was equal to 50% of the usual tariff up to 500 kWh and then 200% of the tariff. Customers who exceeded their quotas more than once were also under the threat of power cuts of three to six days. Customers consuming less than their quota were eligible for a bonus per kWh reduced below their quota. The only guaranteed bonus was for customers consuming less than 100 kWh. The remaining funds from collecting fines would then be divided among other complying customers. The bonus payed per kWh saved below the quota was equal to at most 200% of the tariff. 30 In practice, the implementation of these incentives was not smooth. First, households' response to the program was so large that fines did not raise enough money to pay any non-guaranteed bonus. The government then introduced another guaranteed bonus in September 2001 for customers with quotas below 225 kWh, with a unit bonus of 100% of the tariff. Second, distribution utilities did not have enough staff to implement power cuts. So, power cuts were limited to a very few customers and distribution utilities were asked to prioritize those who repeatedly consumed far above their quota. Power cuts were even prohibited in Rio de Janeiro (Lei Municipal 3266/2001), the city for which we have customer-level billing data.
Finally, a massive conservation appeal campaign (social incentives) was carried out in collaboration with distribution utilities and media outlets. Daily reports on TV compared achievements to policy targets. Energy conservation advice and stories of exemplary behavior were shared in the media to promote awareness and encourage participation. Media reports and messages on electricity bills included appeals to social preferences and patriotism. The government made sure to impose a more stringent conservation target for public buildings to set an example.
Households were also offered a lot of information in the media on how to reduce electricity use. This information reached the whole country, as the main media outlets are national in Brazil. It may thus explain some spillover effects to unaffected areas, but it is unlikely to explain any large differential trend between areas subject or not to the electricity saving program. Even if it explained part of the difference, our framework would apply as long as households internalized that information differently because they were subject to the policy. In fact, we would argue that any policy that aims at changing behavior on such a large scale would spur a market for information.
Other factors could have affected electricity use, but not differentially between the Southeast/Midwest and the South. Tariff changes followed the usual regulatory framework during and after the crisis. 31 Some policies were implemented nationally and are thus part of our counterfactual. Taxes on efficient lightbulbs were reduced, and taxes on electric showers, water heaters, and incandescent lightbulbs were temporarily increased (Decreto 3827, May 21, 2001 ). Efficiency standards for domestic appliances were adopted (Lei 10295, October 17, 2001 ), but only implemented in later years. Finally, the rainfall pattern during the 2000-2001 summer was a clear outlier, so there was no rational reason for customers in different subsystems to differentially update their beliefs about the risk of future shortages. 32 Even if they had changed their beliefs, it is unclear that households would have consumed less electricity in response, in light of the fact that the policy used grandfathering to assign individual quotas.
Data
Our analysis relies mostly on three sets of data.
A. Utility level administrative data (ANEEL).
Our main results are based on longitudinal data at the level of distribution utilities. The regulator (ANEEL) provided us with monthly administrative data from mandatory reports of distribution utilities on total electricity consumption, total revenues, and total number of customers by category (e.g., residential) from 1991 to 2011. Our main outcome, average residential electricity consumption per customer, is equal to total residential consumption divided by the number of residential customers. We also gathered copies of every tariff regulation published by the regulator from 1996 to 2011. As a result, we have a balanced panel of average residential electricity consumption and residential electricity tariff at the monthly level for all distribution utilities. In 2000, we have 26 utilities in the Southeast/Midwest and 17 in the South (numbers vary slightly with sample years due to some concession areas being split). We match our panel of distribution utilities to decennial census data (2000 and 2010) and to yearly data on population (1996 ( -2011 ( ), GDP (1999 ( -2011 , formal employment, and average temperature (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , which are available at the municipality level and can be matched using information on the concession area of each distribution utility. 33 B. Household level billing data (LIGHT).
We use longitudinal data at the customer level for one distribution utility subject to the electricity saving program to evaluate the robustness of our results and to go beyond average effects. We obtained individual billing data from January 2000 to December 2005 for the universe of low voltage customers of LIGHT, the distribution utility serving Rio de Janeiro and 31 surrounding municipalities in the Southeast. The data include about three million residential customers in 2000.
32 Accordingly, when the government established an insurance fund to prevent subsequent crises, it chose to finance it through a nationwide undifferentiated increase in electricity tariffs ($.51 per 100 kWh; Camara de Gestão da Crise de Energia, Resolução 115). Reservoir levels were very low in 2000 even in the South. They were also more variable in the South after the crisis (see Figure 1a) . Moreover, the country had already experienced smaller weather-induced electricity shortages in all subsystems in the past (Maurer, Pereira and Rosenblatt, 2005) . These previous shortages led to isolated blackouts and not to the implementation of any incentive-based electricity saving program. 33 Census, GDP and demographic data are from the Brazilian Institute of Geography and Statistics (IBGE). Formal employment data is from the Ministry of Labor (RAIS data). Temperature data is from Matsuura and Willmott (2012).
They detail every bill component and include metering and billing dates, meter location, and the quantity consumed in each month. Customers are uniquely identified over time unless they move.
C. Household level survey data (PPH).
We exploit the microdata from the two most recent rounds of the Survey of Appliances and Utilization Habits (PPH, Pesquisa de Posse de Equipamentos e Hábitos de Uso) to shed light on the mechanisms behind our results. The surveys were conducted by the National Electrical Energy Saving Program (PROCEL). A representative sample of residential customers from several utilities was surveyed before the crisis (first round, July 1998 to June 1999) and several years after the crisis (second round, July 2004 to June 2005). The in-house interviews included questions on household characteristics, appliance ownership, and consumption habits. Interviewers were asked to check some of the information directly, e.g., the number of lamps in the living room. We have a repeated cross-section of 8,803 households and 5,448 households from the same ten distribution utilities in 1999 and 2005, respectively. We have two utilities in the South (total of 3,121 households) and eight utilities in the Southeast/Midwest (total of 11,130 households).
D. Other data.
Finally, we confirm some of our results using time-series data on sales of appliances from manufacturers, as well as the Brazilian Household Expenditure Surveys (POF, Pesquisa de Orçamentos Familiares, with rounds in 1996-1997, 2002-2003, and 2008-2009) . Those data are not available at the municipality level and cannot be matched to the concession areas of distribution utilities.
Empirical strategy and descriptive statistics
Our main empirical strategy exploits the panel of distribution utilities through a difference-indifference, comparing utilities in the Southeast/Midwest and in the South over time. In this section, we first provide descriptive statistics supporting our approach. We then present our main empirical specification and a series of tests to evaluate the robustness of our results. Table 1 provides some descriptive statistics supporting our key identification assumption of a common trend in average residential electricity consumption for distribution utilities in the Southeast/Midwest and in the South. It also shows that such an assumption is unlikely to hold, especially in the long run, when considering distribution utilities in the other two subsystems subject to the electricity saving program. Columns (1)- (5) Before comparing subsystems, note that average residential electricity use was lower in Brazil (below 200 kWh/month in 2000) than in more developed countries (903 kWh/month in the US in 2012; www.eia.gov/tools/faqs). Households were of course poorer and less likely to own major domestic appliances, but electricity was also relatively expensive. The main residential electricity tariff in 2000 (US$.18/kWh) was higher than the US average price in 2012 (US$0.12/kWh).
Descriptive statistics
There are two main reasons not to consider distribution utilities from the Northeast and North subsystems in our analysis. First, nearly all households in the South had electricity prior to the crisis. This was not the case in the Northeast and in the North. Moreover, the share of households with electricity increased substantially in these subsystems in the following decade, by 8%-11% compared to the South. A common-trend assumption is unlikely to hold when customer bases evolve very differently. Second, households in the Northeast and in the North were poorer and less likely to own major domestic appliances prior to the crisis -e.g., we observe no common support for the median household income and the share of households owning refrigerators between utilities in the Northeast and in the South. Strong poverty alleviation, as experienced in Brazil in the 2000s, can have very different effects on residential electricity use when initial ownership rates are so different (Wolfram, Shelef and Gertler, 2012) . Accordingly, the share of households owning a refrigerator, a major domestic appliance in terms of electricity use, increased by 15%-26% in the North and in the Northeast compared to the South in the following decade. This is unlikely to be a consequence of the crisis and thus clearly violates a common-trend assumption. 35 In contrast, distribution utilities in the South constitute a more credible counterfactual for distribution utilities in the Southeast/Midwest. First, in both subsystems, nearly all households had electricity prior to the crisis. Second, customer bases evolved at a similar rate in the following decade. Moreover, this does not hide any differential trend in population size, access to electricity, urbanization, household size, dwelling size, or dwelling characteristics. Third, initial ownership rates of major domestic appliances (refrigerator, washing machine, TV, air conditioner) and subsequent growth in ownership rates are comparable. Fourth, initial electricity tariffs were also comparable 34 Specifically, we use yearly data from the most recent census years (t ∈ 2000, 2010) and the following specification:
where a d is a fixed effect for distribution utility d, and TreatRegion indicates a distribution utility from a subsystem subject to the electricity saving program. ν d,t is an error term clustered by utility. Columns (6)-(8) report estimates of δ for samples including utilities from one of the other three subsystems and the South. 35 Additionally, there is a data limitation preventing us fro studying outcomes in the North subsystem. Many customers there are served by isolated electricity systems. Our utility-level panel data do not differentiate residential consumption from "isolated" and "connected" customers, and the former were not subject to the electricity saving program. The policy also started later (August) and ended earlier (December) in the North. and did not evolve differentially. If anything, tariffs decreased relatively in the Southeast/Midwest.
Distribution utilities in the South and in the Southeast/Midwest do, however, differ in some respects. For instance, average electricity use and median income levels were on average higher in the Southeast/Midwest in 2000. Median income levels also grew relatively less in the Southeast/Midwest in the following decade, even though labor market outcomes such as employment, formal employment, or farm employment did not evolve differentially (we attribute the differential trend in average electricity use to the impact of the electricity saving program below). Importantly, the range of initial values overlapped for all these variables and many others, as did the range of changes in these values in subsequent years (see Web Appendix). Therefore, we can control for many relevant variables without relying on purely parametric assumptions (this would not be true using data from the Northeast). One factor that differs systematically between the Southeast/Midwest and the South is climate. Average temperatures are higher in the Southeast/Midwest. This is unlikely to drive any of our results. We show in the Web Appendix that there is no relationship between changes in average residential electricity use in the Southeast/Midwest and in the South, and either levels of average temperatures or changes in average temperatures. In sum, the data appear to support our common-trend assumption, as shown in Figure 1b for earlier periods, at least conditionally on controlling for some relevant factors.
Empirical strategy
We estimate the short-and long-term impacts of the temporary electricity saving program through a generalized difference-in-difference. We regress the logarithm (or the level) of average residential electricity consumption per customer for utility d from region r in calendar month m of year t using the following specification:
where the coefficients α d and β r,m are fixed effects for each distribution utility and for each calendar month per region (seasonality), respectively. We divide our monthly observations into various time periods, indexed by p. We consider yearly time periods before and after the crisis. . The coefficients γ p are time-period fixed effects. The coefficients δ p then capture difference-in-difference estimators in each time period for the impact of the temporary electricity saving program. Finally, we cluster error terms, ν d,r,m,t , at the level of the distribution utility, and distribution utilities are weighted equally in our regressions. 36 Estimates of δ p during the crisis and for subsequent time periods can be interpreted as the average treatment effect of the policy on the treated under a common-trend assumption. Of course, it is not possible to test whether this assumption holds in practice. However, we show in Figure 1b that average electricity use had been following roughly the same trend since 1991 in the South and the Southeast/Midwest. Estimates of δ p for time periods preceding the crisis will directly test for the presence of a common-trend prior to the crisis. Moreover, as explained in Section 2, the timing of the crisis and the differential treatment between subsystem was entirely due to supply factors that are likely exogenous to potential changes in households' electricity use. A common-trend assumption is thus reasonable in our context, especially in the short run. As we are particularly interested in long-run effects, we then reinforce the common-trend assumption by controlling for variables that may be correlated with other factors affecting electricity use. In particular, we use the following variables available at the distribution utility level in each year (X d,r,m,t ): main residential electricity tariff (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , population size (1996-2011), GDP (1999 GDP ( -2011 , formal employment levels, and average temperature (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Our preferred specification includes all these controls; therefore, the sample is restricted to a balanced panel of utilities between 1999 and 2010.
Robustness checks
We undertake four types of empirical tests to evaluate the robustness of our results. First, we obtain similar results when estimating variants of equation (6) with different sample years and the controls available in those years. Second, we show that our estimated average impact is not driven by outliers. To do so, we separately estimate the impact of the electricity saving program for each distribution utility using synthetic control methods (Abadie, Diamond and Hainmueller, 2010) . The synthetic control estimator is the difference between an outcome in a treated utility during and after the crisis, and the same outcome in a "synthetic" weighted average of control utility. The outcome of interest, Y d,t , is the demeaned seasonally adjusted logarithm of average monthly residential consumption. The vector of weights W is chosen to minimize:
where Y d0 and Y c0 are vectors containing the values of the outcome in pre-crisis periods in the treated utility and in control utilities, respectively. An optimal choice of V minimizes the mean squared error of the synthetic control estimator.
Third, we investigate whether our estimated long-term impact is robust to controlling for variables that are not available at the yearly level but that are available in the 2000 and 2010 censuses (X d,t ), such as median household income. We show graphically the relationship between changes in these variables and changes in average electricity consumption between 2000 and 2010. We also estimate the following regression using only data from census years:
where ν d,t is an error term for utility d in census year t clustered by distribution utility.
Fourth, we use the longitudinal data for LIGHT customers to address a series of confounding explanations that cannot be tackled with utility-level data. We compare changes in average electricity use in LIGHT aggregate monthly data and in a random sample of individual customers observed in every month from 2000 to 2005. This balanced panel does not suffer from composition effects by construction. We then document the persistence of changes in consumption levels during the crisis at the individual level. 37 Finally, we investigate other dimensions of the distribution of changes in consumption levels, which are interesting in themselves and also as a way to address a concern that "electricity theft" responses may explain some of our results.
Results
We first present results using utility-level data. We then turn to the customer-level data. Most of our regression results are presented graphically, but corresponding tables with coefficient estimates and standard errors are in the Web Appendix.
Utility-level data
Difference-in-difference coefficients δ p from estimating our preferred specification of equation (6) are displayed in Figure 3 with their 95% confidence intervals. The sample is restricted to the balanced panel of utilities between 1999 and 2010 so that we can include all the controls available at the yearly level. Panel (a) and (b) consider specifications in logs and levels, respectively. The first few months of 2001 are used as a reference period. Point estimates are close to 0 prior to the crisis, supporting our common-trend assumption. Average residential electricity consumption then dropped differentially in the Southeast/Midwest when the electricity saving program came into force. We estimate an impact of -.26 log points (23%) during the crisis, or 41.5 kWh/month. 37 We cannot estimate the causal effect of some policy variation among LIGHT customers. First, all customers were subject to some aspects of the policy and the rules were complicated and uncertain. Second, we don't know how nonpecuniary incentives were perceived by different customers. Third, there is no discontinuity or bunching in electricity use at the quota or at other levels where customers faced discontinuities or kinks in their budget. This is consistent with the existing literature (Borenstein, 2009) . In an earlier working paper, we showed that even large quasi-exogenous variation in quotas led to only very small variation in consumption (Gerard, 2013) . This is the first quasi-experimental estimate of the short-run impact for residential customers, but it is already well known that electricity consumption was successfully reduced at the time. Our main contribution is to show that about half of the short-run impact persisted in the long run. Consumption levels partially rebounded after the crisis but point estimates are stable from 2005 onward at about -.115 log points (11%), or 19 kWh/month. It is thus unlikely that our estimates are due to a difference between short-and long-run elasticities rather than to hysteresis.
Our results are similar if we consider all the possible combinations of sample years determined by the availability of our yearly controls: 1991-2011 (no controls), 1996-2011 (tariffs and population), 1996-2010 (tariff, population, formal employment, and average temperature), and 1999-2011 (tariff, population, and GDP). Point estimates for the log specification are displayed in Figure 4a . We omit confidence intervals for the sake of clarity. The estimated short-and long-run impacts are almost identical in all specifications. Moreover, Figure 4a shows that average electricity consumption followed similar trends in the Southeast/Midwest and in the South since at least 1991. Point estimates are slightly positive between 1997 and 2000, a pattern that is apparent in the raw data in Figure 1b , but they get closer to 0 as we add more controls. Results are also similar if: (i) we consider winter and summer months separately, (ii) if we weight distribution utilities by their customer base at baseline, and (iii) if we restrict the sample to distribution utilities with overlapping support in average electricity use (outcome) and in household median income (not available at the yearly level) at baseline to reinforce our common-trend assumption (see Web Appendix). Figure 4b displays synthetic control estimates of the impact of the electricity saving program for each distribution utility. Monthly estimates are averaged into the same time periods as in Figure 3 . Darker lines correspond to utilities in the Southeast/Midwest. Lighter lines correspond to placebo estimates in which we compare a given distribution utility in the South to a weighted average of the others. The synthetic controls are able to closely match the trends pre-crisis, including the period between 1997 and 2000. The estimated short-run impact is large for all the distribution utilities subject to the policy: between -.19 and -.40 log points. Importantly, the long-run impact is also negative for all those utilities. Our estimated average impact is thus not driven by outliers (this can be seen in the raw data in the Web Appendix). The median and the average of the utilityspecific impacts are in fact comparable -e.g. -.13 and -.14 log points in 2011, respectively. In contrast, the median and the average of our placebo estimates are very close to 0 in all years. 38 Table 2 displays estimates of the long-term impact of the electricity saving program that are obtained by using equation (7) and controlling for variables available in the 2000 and 2010 censuses. Columns (4)-(6) restrict the sample to distribution utilities with overlapping support at the baseline in average electricity use and household median income. The estimated impact is similar when we don't include any control (columns 1 and 4), when we control for the main electricity tariff and median household income (columns 2 and 5), and when we add controls for population size, the share of households living in urban areas, average household size, average dwelling size, the share of dwellings with a bathroom, the employment rate, and the average temperature (columns 3 and 6). The robustness of our results does not come from an absence of variation in these variables. We show graphically in the Web Appendix that long-term changes in consumption levels are systematically lower for utilities in the Southeast/Midwest than in the South for given baseline levels or long-term changes in all the variables in Table 1 and in its continuation table in the Web Appendix. Figure 4b ). 39 It also implies that our estimates are not due to electricity theft at the extensive margin. Customers who are obtaining all their electricity through illegal connections to the grid at some point are excluded from the balanced panel. 40 Panel (b) shows that average changes in electricity use came from sizable reductions at every level of consumption. It displays kernel densities for average monthly electricity use in our balanced panel before, during, and after the crisis. The density during the crisis is stochastically dominated. Densities one year and four years after the crisis are similar and fall between the crisis and pre-crisis densities. During the crisis, 92% of customers consumed less electricity than before the crisis; the median customer reduced electricity use by 31%. Four years after the crisis, 69% were still consuming less electricity; the median customer was consuming 16.5% less electricity. 41 Panel (c) shows that average changes in electricity use came from large reductions from most 39 There is no evidence of economically meaningful migration across regions between 2000 and 2010. de Oliveira and de Oliveira (2011) document that the Southeast experienced a net out-migration during the period. However, magnitudes are very small: no larger than 0.2% of the Southeast population and 0.5% of the South population. 40 There is no good data on electricity theft. Distribution utilities are supposed to report yearly information on distribution losses to the regulator, but many did not provide this information prior to 2000. In the Web Appendix, we use yearly reports for 24 utilities in the Southeast/Midwest and in the South from 1998 to 2008. The data are very noisy and, if anything, point estimates suggest that non-technical losses (a measure of theft) decreased compared to 2000. In the Web Appendix, we also use microdata from the Brazilian Household Budget Survey (POF 1996 (POF /97, 2002 (POF /03 and 2008 and find no differential trend in the share of households who do not pay for electricity. 41 We show similar patterns for summer and winter months separately in the Web Appendix. We show that customers with higher baseline consumption levels made larger proportional reductions in electricity use. By considering shifts in the distribution of electricity use in Figure 5b , we avoid mean reversion issues (Borenstein, 2009; Ito, 2014). customers at a given baseline consumption level. It displays the distribution of changes in average monthly electricity use during and after the crisis, compared to before the crisis, for a balanced panel of randomly selected customers with the same baseline consumption (around 300 kWh). Kernel densities are based on electricity use during the first five months of the crisis, and in the same months in other years, when these customers faced the same quota and incentives. As mentioned before, we find no evidence of bunching at the quota. During the crisis, 98% of customers reduced electricity use and the median customer reduced usage by 34%. Four years after the crisis, 78% were still using less electricity than before the crisis; the median customer was using 22% less electricity. We show similar patterns for other baseline consumption levels in the Web Appendix.
Customer-level data
Together, panels (b) and (c) also provide evidence against electricity theft responses at the intensive margin. Establishing illegal connections to the grid to obtain part of one's own electricity use is more likely to take place among poorer and smaller consumers. However, reductions in electricity use were not concentrated among small consumers. We show in the Web Appendix that they were also large among customers from relatively wealthy neighborhoods. Finally, if electricity theft takes place among relatively large consumers, it is likely to be concentrated within a small group. This is inconsistent with the evidence in panel (c) that most customers at a relatively large baseline consumption level severely reduced their electricity use during the crisis.
So far, we have implicitly interpreted our results as evidence of hysteresis at the individual level. Panel (d) shows that there is indeed a strong correlation between electricity use during the crisis and four years after the crisis for customers with the same baseline consumption levels (using the same sample as in panel c). In the Web Appendix, we show similar patterns for other baseline consumption levels. We provide evidence on the mechanisms of hysteresis in the next section.
Mechanisms of hysteresis
There are three main mechanisms that could explain a long-run reduction in household electricity use. Households may have permanently changed the quantity of appliances that they own, the type of appliances that they own, or their utilization of these appliances. We shed some light on each of these mechanisms below. To do so, we rely primarily on household-level microdata from the two most recent rounds of the Appliances and Utilization Habits surveys (PPH, 1998 (PPH, -1999 (PPH, and 2004 (PPH, -2005 . We use data from ten distribution utilities -eight in the Southeast/Midwest and two in the South -that were surveyed in both rounds. 42 Conveniently, our estimated long-term impact on household electricity use is stable starting around the time of the second PPH survey round (see Figure 3) . We also use other data sources that are described in more detail in the Web Appendix.
Asking households directly
A natural starting point to investigate the mechanisms of persistence is to ask households directly. The second round of PPH surveys included a special section for customers of distribution utilities subject to the electricity saving program during the 2001 crisis. For each major domestic appliance, it asked households whether: (1) they were using the appliance as much as before the crisis; (2) they were using it less than before the crisis; (3) they had disconnected or disposed of the appliance during or after the crisis; (4) they had substituted a more energy-efficient model during or after the crisis. Households could choose only one answer and we display the share that chose each answer in Table 3 , panel B. For each appliance, we also show in panel A the average quantity per household and the estimated average monthly electricity use for customers of these utilities prior to the crisis.
A large share of households who owned a given appliance prior to the crisis reported using it less after the crisis. This is true for electric showers (39%), lights (41%), and freezers (21%), 43 which together account for a significant portion of electricity use in Brazil, but also for other appliances. The one exception is for refrigerators, another main source of electricity use. This is in fact reassuring as we don't expect much flexibility in refrigerators' utilization. In contrast, less than 3% of households reported replacing appliances with more energy-efficient models, except for lights (9%). Finally, a large share of households reported disconnecting or disposing of their appliance only in the case of freezers (17%) and air conditioners (5%).
The main stated mechanism of persistence is a change in utilization habits. However, households may have changed their utilization habits and their appliance stock. Households in the South may also have made some similar changes. We thus further investigate the three mechanisms.
Appliances' quantity
The PPH surveys recorded data on the quantity of a list of appliances for households in the Southeast/Midwest and in the South in both survey rounds. We investigate any differential trend in the quantity of appliances using a difference-in-difference strategy as in the previous sections:
where Y h,d,t is an outcome for household h from distribution utility d in survey round t. We control for utility fixed effects α d and a survey round fixed effect γ. The coefficient δ is a difference-indifference estimator under a common-trend assumption. We cannot provide evidence of a common trend prior to the crisis with two repeated cross-sections. We thus control for household characteristics, X h,d,t , which may be correlated with different trends in appliance ownership. 44 We also construct an appliance quantity index to avoid multiple-inference problems, normalizing the quantity of each appliance using the average and standard deviation of appliance ownership in the South in 1999 (Kling, Liebman and Katz, 2007) . We display difference-in-difference estimates in Table  4 , panel A, for the five main domestic appliances in terms of electricity use. Results for other appliances are in the Web Appendix. Standard errors are obtained using the wild cluster bootstrap-t, given our small number of clusters (Cameron, Gelbach and Miller, 2008) . The resulting confidence intervals are large, typically including 0, so our results based on PPH data remain suggestive.
Point estimates are negative for our index and for all appliances, except for lights. They are close to 0 for refrigerators and washing machines, which is consistent with findings based on census data (see Section 3.1). They are large in magnitude for freezers and air conditioners, consistent with the information reported in Table 3 . Finally, the coefficient is large in magnitude and significant for TVs. Using census data, we found no difference in the share of households with a TV (see Section 3.1). PPH measures instead the number of TVs per household. 45
Appliances' characteristics
The PPH surveys recorded some appliance characteristics correlated with electricity use. We use the specification in equation (8) to investigate any differential trend in these characteristics and in two indices, one for the age of appliances and one for the type (size/power). The sign of all variables is normalized, such that a positive sign implies a higher propensity to use electricity. Results are displayed in Table 4 , panel B, for the same five main domestic appliances and in the Web Appendix for other appliances.
Point estimates are positive for our "age" index (older) and for the age of each of our main domestic appliances. Replacing appliances with newer models, which likely consume less electricity, may have been difficult for Brazilian households, who are relatively poorer and face a much higher cost of credit than in more advanced countries. 46 In fact, the supply side of the market for domestic appliances ex-ante expected, and ex-post reported, losses from the electricity crisis (Folha de São Paulo, June 5, 2001 and March 6, 2002) . In the Web Appendix, we show that there is no discontinuous increase in estimates of national monthly sales of major domestic appliances during the crisis. In fact, there is a discontinuous decrease in sales for many appliances. 47 At the margin, we would still expect households to prefer models that consume less electricity when buying an appliance during the crisis. Point estimates are negative for the size of our main domestic appliances, although standard errors are again large. In the Web Appendix, we show some related evidence for electric showers: the average power of electric showers sold by a leading Brazilian manufacturer decreased differentially in the Southeast/Midwest during the crisis (by about 10%), but it increased again after the crisis. 48 Finally, we showed in Table 3 that households reported adopting more energy-efficient lightbulbs in the Southeast/Midwest. It is well known that compact fluorescent lightbulbs (CFLs) spread rapidly in Brazil during and after the crisis. This national pattern is present in the PPH data; we estimate an average increase of 52 percentage points in the share of CFLs in the South and Southeast/Midwest between survey rounds. However, the difference-in-difference estimate suggests that adoption rates were higher in the South than in the Southeast/Midwest. As a result, the coefficient for our "type" index is positive despite the negative coefficients for the other appliances.
Utilization habits
The PPH surveys recorded utilization habits correlated with electricity use for many appliances. As above, we use the specification in equation (8) to investigate any differential trend in each of these habits and in a "utilization habit" index. The signs of all variables are again normalized such that a positive sign implies a higher propensity to use electricity. Results are displayed in Table 4 , Panel C, for the same five appliances and in the Web Appendix for other appliances.
Point estimates are large and negative for our index and for utilization habits related to our main domestic appliances, again except for lights. For instance, households were much less likely to have their separate freezer unit permanently switched on in the Southeast/Midwest after the crisis, which is consistent with information in Table 3 . Households were also less likely to set the thermostat of their electric shower on the warmest setting; this result is statistically significant even using our large standard errors. A back-of-the-envelope calculation suggests that this behavior alone could have generated enough savings to explain the long-term impact (22 kWh/month). 49 In sum, the main stated mechanism of hysteresis is a change in habits (living with fewer appliances is also a new habit). We found suggestive evidence that households indeed changed their habits in the Southeast/Midwest. However, we cannot reject the possibility that some changes in appliances' characteristics also played a role. Note that our conceptual framework applies independently of the specific mechanisms as long as the hysteresis was due to the temporary policy. 50 6 Implications for the social cost of corrective policies
We have established that households reduced electricity use in the long run in response to a temporary electricity saving program. In this section, we use our evidence to illustrate the extent to which neglecting such hysteresis could overestimate the social cost of long-run corrective policies.
First, a temporary policy delivers a persistent correction of the externality in the presence of hysteresis if the prior level of the behavior was too high from a social perspective. The associated gains could balance out part of the social cost of the policy. We estimated that the temporary policy reduced electricity use by 11% in the Southeast/Midwest until at least 2011, which corresponds to 67.8 billion kWh. PROCEL, the electrical energy saving program of the federal government, claims to have obtained reductions of 39.6 billion kWh from 2002 to 2011 at a discounted cost of US$380 million (5% yearly discount rate). At that average level of cost efficiency, PROCEL would have had to spend US$650 million to achieve a similar reduction in electricity use. It is unclear how PROCEL measures its impact and our calculation is thus likely to be a lower bound.
Second, we evaluate equations (4) and (5) to illustrate the implication of the estimated degree of hysteresis when calculating the social cost of a long-run corrective policy. Consider a policy aimed at reducing electricity use by 23% (average effect during the crisis) over a period of 10 years. Period 1 corresponds to the nine months of the temporary policy and period 2 to the following 111 months. We estimated a necessary residual reduction in electricity use in the second period of 23%-11%=12%. In the Web Appendix, we estimate a medium-run price elasticity of −.291 for average residential electricity use, using yearly variation in electricity tariffs across distribution utilities after the crisis. Applying this estimate, the change in marginal utility caused by the policy 49 The thermostat of an electric shower can be switched off or set at either "Low Power" (Modo Verão) or "High Power" (Modo Inverno). An electric shower consumes on average 30% less electricity in Low Power than in High Power. Our kWh figure is obtained by multiplying the estimated impact (-.863), the gain from setting the shower to Low Power (30%) and the average electricity consumption of electric showers in High Power (87.1 kWh/month). 50 In the second round of PPH surveys (but not in the first round), households were also asked about the information that they had learned about energy efficiency. In the Web Appendix, we show that households in the Southeast/Midwest were more likely to have obtained information on energy efficiency labels and energy savings behaviors after the crisis, but less likely to know what that information implies for how much electricity they could actually save. Note that any energy efficiency policy in Brazil, including information provision, would be implemented nationally by PROCEL. in period 2 is equivalent to a 79% increase in electricity tariffs, assuming away hysteresis, but only a 41.2% increase given our estimated degree of hysteresis. The bias in level is then:
= US$4.14 billions where we use the same discount rate as above, and where p t X t is the total monthly bill for residential electricity use in the Southeast/Midwest after the crisis. It is scaled by 1 .89 to obtain counterfactual amounts (p 20 x 20 ). A bias of US$5.82 billion corresponds to 6.59% of the total (discounted) monthly bill for residential electricity use in the Southeast/Midwest after the crisis. Even if the long-run elasticity was three times larger than the medium-run elasticity, the bias would still amount to US$1.94 billion. Another way to provide some perspective is to express the bias as a percentage of the deadweight loss. Using equation (5), we have:
Assuming away hysteresis, one could then overestimate the social cost of the policy by 182%. This is just an illustrative calibration, but it shows how neglecting the possibility of hysteresis could severely overestimate the social cost of long-run corrective policies. Moreover, the overestimate would be even higher if we assumed a longer time horizon. So far, we have assumed that households perceived the true costs and benefits of changing their behavior. These costs must have been relatively high, given that our estimates imply that an average household could permanently save 11% of its electricity bill by reducing electricity use by 23% for a nine-month period. This contrasts with households' reported experience during the crisis. When asked about changes to their quality of life during the crisis in PPH surveys, only 24% of households in the Southeast/Midwest reported a decrease in quality of life. Most households reported no change in quality of life (48%) or that they had "learned to live comfortably while saving money" (28%, see Table A .1 in the Appendix). Moreover, most households who managed to reduce electricity below their quota reported that it was either "not difficult at all" (43%) or that it was "not very difficult" (48%). The contrast between large long-run private gains and limited short-run private costs suggests that, if anything, before the crisis households were underestimating the returns from changing their behavior. This echoes several theories and findings in the literature. For instance, Bryan, Chowdhury and Mobarak (2014) find that it is difficult to explain the low level of seasonal urban migration in their context given the high returns of a onetime incentivized migration and the persistent re-migration rate. Agents with hyperbolic time discounting would underinvest in their habit formation, even if they were aware of their habit formation process (Gruber and Köszegi, 2001) . Of course, agents may not be aware of such a process (Acland and Levy, 2015) . Finally, households may have correctly understood the private costs of changing their behavior. However, these costs may drop dramatically when everybody is subject to a corrective policy because of, e.g., social learning (Dupas, 2014) . The contrast between large long-run private gains and limited short-run private costs of changing behavior is also consistent with the so-called energy paradox (Jaffe and Stavins, 1994) . 51 
Conclusion
This paper argues that one might overestimate the social cost of long-run corrective policies by neglecting the possibility of hysteresis in the behavior of interest. We provided evidence of the importance of hysteresis in a policy-relevant behavior. We then used our estimates in a simple conceptual framework to illustrate the possibly large magnitude of such a bias.
A limitation of our empirical analysis is that we cannot relate the estimated impact to one single easily-replicable policy instrument, and policymakers may not be interested in permanently implementing a policy similar to the temporary policy that we studied. Yet, there is a lot of interest in reducing the demand for resources, such as energy and water. A main argument against implementing sizable corrective policies in that context is that the associated social cost could be too large. Our paper implies that such an argument may be overstated. The big question that this study then leaves open is how to trigger the emergence of energy-efficient habits in a credit-constrained, low-income, and low-consumption setting. Shaping consumption patterns at an earlier stage of development may help attenuate the pressure of energy demand growth in developing countries.
The application in this paper considers the context of energy demand. However, our argument applies to any context where hysteresis may be relevant. For instance, Fujiwara, Meng and Vogl (2014) find that a weather-induced 1 percentage point rise in turnout in an election increased voter turnout in the following election by 0.9 percentage points. Assuming that this impact persists in the long run, one could thus overestimate the social cost of long-run corrective policies by neglecting the degree of hysteresis in turnout. Using their estimates and similar back-of-the-envelope assumptions as in our Section 6, the social cost of a policy that aims at a 1 percentage point permanent increase in voter turnout could be overestimated by 1450%. 52 51 This also could be explained in a rational inattention model. Attention costs for energy-saving opportunities, rather than the direct cost of changing behavior, may have been high before the crisis (Sallee, 2014) . Such costs would be factored into the demand curve for electricity use and our framework would thus apply. 52 We assume a constant cost of voting, a constant baseline turnout level (at their mean of 58%), a yearly discount rate of 5%, an infinite time horizon, and a constant elasticity with respect to voting costs. 
The figure illustrates how one could overestimate the social cost or deadweight loss of long-run corrective policies by neglecting the possibility of hysteresis. Without government intervention, x 10 and x 20 are the equilibrium quantities in period 1 and 2, given baseline prices p 10 and p 20 , respectively. Consider a corrective policy reducing quantities to x 1 and x 2 . Reducing quantity in period 1 to x 1 increases the household's marginal utility for x 1 , which can be traced along the inverse demand curve p 1 (x 1 ). In the presence of hysteresis, this would reduce the quantity in period 2 to x 2 (x 1 ), absent any government intervention in period 2. The demand curve p 1 (x 1 ) would factor in any effect on utility and behavior in period 2 from changes in x 1 . The loss in utility from reducing quantity in period 1 to x 1 is then the triangle A 1 B 1 C 1 , assuming locally linear demand curves. Holding constant x 1 , further reducing quantity to x 2 in period 2 similarly increases the household's marginal utility for x 2 which can be traced along the inverse demand curve p 2 (x 2 |x 1 ). The associated loss in utility is the triangle A 2 D 2 E 2 . Neglecting the possibility of hysteresis (but assuming no bias from having the "wrong" shapes for the demand curves, such that the slopes of the demand curves when assuming away hysteresis -indexed by NoH-are similar), one would overestimate the deadweight loss in the second period. Tracing the change in marginal utility along the whole interval from x 20 to x 2 , one would obtain a loss in utility corresponding to the larger triangle A 2 B 2 C 2 . The bias is the area D 2 B 2 C 2 E 2 . An estimate of the degree of hysteresis, x 2 (x 1 ) − x 20 , is key to evaluating this bias. It could be identified from the long-run impact of a corrective policy implemented only in period 1 (temporary policy). Panel (a) shows that our difference-in-difference estimates in Figure 3a are almost identical if we consider all the possible combinations of sample years determined by the availability of our yearly controls: 1991 -2011 (no controls), 1996 -2011 (tariffs and population), 1996 (tariff, population, formal employment, average temperature), 1999 -2011 . We omit confidence intervals for the sake of clarity (available in tables in the Web Appendix). This also shows that trends were similar in the Southeast/Midwest and in the South since at least 1991. Point estimates are slightly positive between 1997 and 2000, a pattern that is apparent in the raw data in Figure  1b , but they get closer to 0 as we add more controls. Panel (b) displays synthetic control estimates of the impact of the electricity saving program for each distribution utility. Monthly estimates are averaged into the same time periods as in Figure 3a . Darker lines correspond to distribution utilities in the Southeast/Midwest. Lighter lines correspond to placebo estimates in which we compare a given distribution utility in the South to a weighted average of the others. The synthetic controls are able to closely match the pre-crisis trends, including between 1997 and 2000. The estimated short-run impact is large for all the distribution utilities subject to the electricity saving program, between -.19 and -.40 log points. Importantly, the long-run impact is also negative for all those utilities. Our estimated average impact is thus not driven by outliers. The median and the average of the utility-specific impact is in fact comparable -e.g. −.13 and −.14 log points in 2011, respectively. In contrast, the median and the average of our placebo estimates are very close to 0 in all years. Utility-level administrative data for distribution utilities in the Southeast/Midwest and in the South in 2000 and 2010 and census data matched to the concession area of these utilities in the same years; temperature data is from Matsuura and Willmott (2012). Significance levels: *10%, **5%, ***1% (s.e. clustered by utility). The table displays estimates of the long-term impact of the electricity saving program, controlling for census data. The first row displays coefficients from regressing the logarithm of monthly average electricity consumption per customer for each utility on a year dummy for 2010 interacted with an indicator for utilities subject to the electricity saving program during the crisis (long-term difference-in-difference estimators). All regressions include the uninteracted year dummy and utility fixed effects. Columns (4)-(6) restricts the sample to distribution utilities with overlapping support at baseline in average electricity use and in household median income. The estimated impact is similar when we don't include any control (columns 1 and 4), when we control for the main electricity tariff and median household income (columns 2 and 5), and when we additionally control for the logarithm of population size, the share of households living in urban areas, average household size, average dwelling size, the share of dwellings with a bathroom, the employment rate, and the average temperature (columns Household-level data for eight distribution utilities in the Southeast/Midwest from the two most recent rounds of the Survey of Appliances and Utilization Habits (PPH, 1998 (PPH, /1999 (PPH, and 2004 (PPH, /2005 . Panel A displays the average number per household for the appliances listed on top of each column and the inputted average monthly electricity use in 1999, before the crisis. The latter is calculated by multiplying quantity by average utilization in 1999 (share of appliances owned frequently in use) and by the kWh consumption of the average model of each appliance from PROCEL estimates -shown in Table Q .1 in the Web Appendix. N=6482. Panel B reports the share of households who owned one of these appliances at some point in time and, in 2005, gave one of four possible answers for each appliance. The possible answers were: (1) households were currently using the appliance as much as before the crisis; (2) they were using it less than before the crisis; (2) they had disconnected or disposed of the appliance during or after the crisis; or (4) they had substituted a more energy-efficient model during or after the crisis. N=4579. Household-level data for eight distribution utilities in the Southeast/Midwest and two in the South from the two most recent rounds of the Survey of Appliances and Utilization Habits (PPH, 1998 (PPH, /1999 (PPH, and 2004 (PPH, /2005 . The table displays difference-in-differences estimates of the impact of the energy saving program on the quantity, characteristics, and utilization of the five main electrical appliances, from equation (8) in Section 5. Each estimate corresponds to a regression of a different dependent variable and appliance (listed on top of each column). Panel A considers the quantity of appliances owned by households, Panel B the indicated characteristics of appliances owned, and Panel C the quantity of appliances frequently used or the quantity of electric showers regulated on high power (winter mode). The KKL indices consider the average of the dependent variables in the other columns, each normalized by their average and standard deviation in the South in 1999 (Kling, Liebman and Katz, 2007) . For these indices, we input missing values with the mean of the cell the household belongs to (South/SoutheastMidwest and 1999/2005) . All regressions include utility fixed effects, year fixed effects, income, squared income, number of household members, floorplan area, and dummies indicating a wealthy neighborhood and proximity to a slum. We input missing values in two control variables (income and dwelling size), using a linear regression, for each year, of the variable on the household's level (class) of energy use and the remaining controls. Significance levels: *10%, **5%, ***1% (s.e. estimated with the wild-cluster bootstrap-t by utility level). We show similar results for other available domestic appliances in the Web Appendix.
A Appendix Tables   Table A. 1: Households' reported life quality during the crisis (Southeast/Midwest)
Percentage of respondents (1) How do you evaluate your change in life quality caused by the electricity saving program? (N=4376) I did not experience any change in life quality ( não houve variação)
.48 I experienced some discomfort (causou desconforto)
.20 I experienced some severe discomfort (causou muito desconforto)
.08 I learned to live with the same comfort while saving money (aprendi a viver com o .24 mesmo conforto economizando dinheiro)
If your consumption reduction was sufficient to meet your quota, how difficult was it?
(N=3375) It was very difficult (muito) .09 It was not so difficult (pouco) .48 It was not difficult at all (nenhuma) .43
Household-level data for eight distribution utilities in the Southeast/Midwest from the two most recent rounds of the Survey of Appliances and Utilization Habits (PPH, 1998 (PPH, /1999 (PPH, and 2004 (PPH, /2005 . The table displays the percentage of households who answered each of the two questions indicated. These were not open questions and households had to choose one of the answers or "Others". In Portuguese, the two questions were "Como o(a) sr.(a) avalia a variação de qualidade de vida causada pelo racionamento?" and "As medidas adotadas para atingir as metas durante o período de racionamento foram suficientes ou mais que suficientes. Dificuldade?". The answers in Portuguese are displayed next to our translation. .027
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